Abstract. In order to study the climate hazards, daily rainfall and temperature data of 61 weather stations over the country were obtained from the Meteorological Organization of Iran for the 1951-2007 period. The following indices are defined as indications of climate hazards: sultriness of the air or the heat index, cold days with minimum temperature below −5
Introduction
Phenomena like flash floods or heat waves and their possible erratic occurrence are important climate hazards (Alijani et al., 2008) for designing and planning the urban centers, predominantly in arid regions of the globe. The impact of these climate hazards is serious and destructive in the dense and fragile populated settlements. They usually damage the urban infrastructures; create polluted environment, and unhealthy living conditions. The degree of damage (climate risk) of these hazards depends among other factors such as vulnerability and exposure of the environment, on their extent, severity, and especially their probability of occurrence (Gwilliam et al., 2006) .
The concern about the impact of the physical environment on the urban development can be traced more than 2000 years back to the time of Vitruvius who has discussed in his book "The Ten Books on Architecture" the importance of climate on the layout of cities (Morgan, 1960) . Since then many publications have focused on the climate impact of the city. Grunthal and his colleagues (2006) have analyzed the damage of three main hazards in the city of Cologne, Germany
Correspondence to: B. Alijani (alijani@tmu.ac.ir) and present the suitable methods to analyze their impact. The works of Olgyay (1963) and Givoni (1998) have presented good tools for measuring human comfort indices in the urban areas. Scientists of some institutions such as the Meteorological Institute of the University of Freiburg, Germany have done remarkable researches in the area of climate and human health. Works of A. Matzarakis (such as Matzarakis and Mayer, 2000) are good examples of this kind. For more information about the interaction between city and the environment the readers are referred to works of Oke (e.g., Oke, 1987) .
During the past one hundred years the global temperature has increased about 0.74
• C (IPCC, 2007; Zhang et al., 2005) . In Iran, the outcome of this global warming is the increasing frequency of extreme events such as cold spells, heat waves, torrential rains, or prolonged intensive droughts (Rahimzadeh et al., 2009 ); hence increasing danger and harm to the built environments and people. The analysis of intensity and frequency of these extreme events is a very important step in the process of planning and designing the urban areas especially in the semi arid climate of Iran. In these areas climate is very fragile and a sudden change may cause destructive outcomes. During the 2000-2008 period droughts and floods were the first in terms of economic loss and number of affected people in Iran (http://www.emdat.be/search-details-disaster-list). The spatial and temporal variability is the intrinsic characteristic of the climate of Iran. According to Tagavi and Mohammadi (2007) during the past years, the frequency of cold events has decreased while that of warm events has increased. Kary (2010) has confirmed the significant change of the heat waves and cold spells in Tehran during past years. All these studies and others such as the work of Rasooli (2004) about the spatial analysis of cold winds over the northwestern Iran and that of Kaviani and his colleagues (2004) about the effective temperature over the country show the variability and uncertainty of the climate over the country. Therefore it is very important for the planners, designers, and managers of the urban environments to pay attention to the climatic considerations. In any part of the country its especial climate should be understood and the extreme cases ought to be analyzed. But up to now no comprehensive work has been carried out in this field; the task which this research has undertaken. The following section is devoted to the description of data and methodology. The main outcome of this investigation is presented in the Results section. The paper is closed with a brief conclusion.
Data and methodology
A great deal of literature has been carried out about the definition and impacts of the climate hazards on the environment and people. The thresholds are defined differently. Some researchers use the percentile thresholds such as the above 90th percentile or the below 5th percentile (Hayhoe et al., 2004; Díaz et al., 2006) . While the others may use absolute values such as 32
• C or daily rains above 30 mm. Most researchers use both methods (Bell et al., 2004; Frich et al., 2002; Haylock and Nicholis, 2000; Bärring and Persson, 2006) . Considering all these different methods the following four indices (Table 1) are defined in this study.
The first index in Table 1 is a combination of temperature (T , in degrees Fahrenheit) and relative humidity (RH, in decimal format) called Heat Index (HI). It is defined as the overall effect of the combination of temperature and relative humidity (Steadman, 1979) . For, most of the time the atmosphere is calm in the urban environment and the amount of the relative humidity controls the effect of the temperature. The higher relative humidity increases the adverse effect of the temperature (Zaboli, 2010) . We use this index to mea- sure the heat stress on humans. Days with HI value above 80 are considered the days with heat stress causing adverse impacts such as sunstroke, muscle cramps and other related problems. These values are averaged on the annual basis for each station. The days with a minimum temperature below −5 • C are defined as days with cold stress, because in the dry environment of Iran the temperatures above −5
• C are more common and the environment is adopted to it. In the same way the warm days are defined as days with maximum temperature above 32
• C. The ratio of the rainfall of extreme daily rains from the annual rainfall is defined as the Extreme Rains Percentage (ERP). A day with extreme rainfall is defined as a day with rainfall above the 90th percentile of the station daily rainfall time series during the study period; dry days are not included in this time series. The defined indices are extracted from the daily data of 61 synoptic stations during the period starting from 1951 to 1985 and ending to 2007. The studied stations were shown in Fig. 1 .
The overall hazardiness of each station is calculated according to the Analytical Hierarchical Processing (AHP) method, developed by Saati (Saati, 1980) . In this method each of the four indices is weighted according to its importance. The HI is considered as the most important index for humans. The ERP index is defined as the second important index in the urban planning and designing, because, the extreme rains usually far exceed the capacity of cities (Saati, 1980) and shown in Table 2 . According to this table, the preference of HI is seven times WD, the preference of ERP is 3 times CD and 5 times WD. In each row the preference scores are geometrically averaged and written in the Weights column. The normalized weights are shown in the final column. This column indicates that the importance of HI in causing hazard for the environment is 5.5 times CD (0.56/0.12 = 5.5). Each index is divided into four subgroups and processed according to the same method described in Table 2 ; subgroups of HI are shown as an example in Table 3 . Each index is divided into four classes and weighted according to their frequency during the study period (Table 4) .
The final preference scores are computed by multiplying the normalized weights of the indices and their subgroups (Table 4 ). The scores of the final column of Table 4 are given to the related value of each index in the actual data table as exemplified in Table 5 .
The hazard score of each station (last column of Table 5 ) is added up from the weights given to the values of the indices in that station according to Table 4 . The spatial distribution of hazard indices is interpolated and drawn with the Inverse Distance Weight method. 
Results
The spatial distributions of the selected indices are shown in Fig. 2 . The spatial distributions of all maps are divided into four quintiles. According to the HI map, the frequency of these days is high in the south and decreases toward the north. The southern parts of the country suffer from sultry weather. The sultry conditions develop harm to human body and cause susceptible environment for different diseases. Therefore it is a severe limitation for the urban development and expansion. The same spatial pattern exists in the warm days map. It is obvious from these two maps that the southern quarter of the country needs more energy to mitigate this hot and humid environment. The spatial distribution of cold days is in contrast with that of the warm or sultry days. On this map the northwestern parts and the central Zagros are suffering from cold weather. Here also, more energy is required to compensate this cold environment. According to these maps of warm and cold days both the southern and northern parts of the country need more energy to provide a suitable environment for urban dwellers throughout the year. The share of the torrential rains from the annual rainfall varies from 33 to 55 % over the country. Thus all of the country is vulnerable for torrential rains with some emphasize to the coastal lands. Urban floods are severe and frequent in the coastal areas, especially in the very dry and erratic climate of the South.
The comparison of these four maps indicates that at any place in the country there exists at least one climatic problem for urban activities. But places such as the southern coastal lands experience multiple hazards of hot and sultry climate together with torrential rains. These climate hazards are seasonal in most of the country, but dominate all year around in the southern coastal areas.
Hazard map
The computed susceptibility or vulnerability to the climate hazards of each station as exemplified in Table 5 , are given in Table 6 and drawn in Fig. 3 . According to this figure the most vulnerable places of the country are the southern coastal areas. Here most of the year the hot and humid climate is dominant. The daily rainfall is very erratic and torrential. The region suffers most of the year from either torrential rains or very serious droughts. The colder areas of the north and mountains and drier central parts of the country do not exhibit a harsh environment. The vulnerability of these parts is about one third of the southern regions (0.18/0.56 = 0.33). The comparison of the ERP map of Fig. 2 with the hazard map of Fig. 3 shows that the relatively higher percentage of torrential rains in the southern coasts of the Caspian Sea does not lead to the hazardous conditions, because, these heavy rains are more common in the Caspian coast and the region is adopted to them. But due to their erratic and infrequent occurrence, the torrential rains always cause serious problems in the South. An important point to be mentioned is that our measure of climatic vulnerability is based on the annual frequency of the extreme climatic conditions. Because, the persistence of hazardous conditions cause more problem than their intensity. The prolonged cold weather of winter 2006 caused very high damage over the country or the persisting snow storm of Gilan Province in winter 2005 damaged most of the urban structures of the area. As a result, the southern regions with frequent extreme climate conditions show up as hazardous parts of the country; the fact that exists in reality. In the northern parts of the country, the severe cold conditions or harmful sultry conditions do not persist for long periods. In these areas, due to the dominance of westerlies during the cold season, the hazardous cold conditions last short times of maybe 5 to 7 days (Alijani, 2002) , after which a sunny weather warms the environment and lowers the degree of vulnerability.
The hazard map indicates that there is climatic vulnerability for urban centers all over the country. The urban managers and planners or designers should take into consideration the cold weather problems such as street frosts and snow accumulation, winter season energy consumption in the north. In the south and central parts, the streets and buildings should be designed in accordance with hot and sultry conditions. The northern cities require sheltered and narrow streets to protect the pedestrians from cold weather. But in the south the streets should be wide enough to cope with prolonged hot summers. The buildings should be designed in a way to block the penetration of excessive solar radiation inside. In the north the buildings should allow the solar radiation inside via large windows and solar oriented facades. The designing process should proceed in a way to prevent fossil energy use and get more benefit from renewable solar and wind energy. In this way air pollution will decrease and global warming may cease. Most of the cities require a high capacity drainage mechanism such as underground drainage systems to prevent the sudden torrential rains and floods.
Conclusions
We studied the spatial distribution of climate hazards over Iran in relation to the planning and designing of sustainable urban environments; The results show that the climate hazards and vulnerability are present all over the country but with different degrees. The degree of climate risk decreases from south toward the northern parts. The most hazardous part of the country is the southern part, where the hot and humid summers cause harsh living conditions. In the northern parts the main climate hazard is the cold and icy conditions of the winter season. The extreme rains are harmful in the south but not in the north. The spatial variability of the climate hazards indicates that different urban structures should be planned for the different parts of the country. In order to plan and manage a sustainable city, the planners and designers should provide summer comfort in the south and winter comfort in the northern parts of the country.
